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Aluminum oxide synthesized through annealing route. The present research 

work deals with aluminum composite prepared using chemical reactions. 

Aluminum nitrates and ammonium chloride doped with sisal fiber has been 

prepared. The structural behavior of aluminum oxide was studied in XRD, 

SEM, TEM, FTIR and dielectric measurement (ε). This behavior showed 

aluminum nature of the sample. 
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INTRODUCTION    
Aluminum oxides including alumina (Al2O3) and boehmite (AlOOH) get large attention because those are widely 

used in many applications, for example, adsorbents for removal of HF and water, fabrication of porous ceramics, 3,4 

and composite materials for organic/inorganic hybrid coatings [1-6].  A new class of nano-and submicron-sized 

wire, tube, mats, and belts made to attract a very large research interest in the last few years [7-12]. In this note, we 

report the physical properties of aluminum oxide submicron-rings (AO-SMRs) obtained by using electro spinning 

technique. Alumina (Al2O3-corundum structure) is an extremely useful ceramic in many existing and emerging 

technologies. These include bio-medical implants, the production of which often involves co-firing with metals. 

High density in alumina components is normally achieved by sintering compacted alumina powder above 1700ºC 

[13, 14]. However, many of the metals used in the bio-medical industry have melting points close to or below the 

generally required sintering temperature of alumina (such as Ti (1610ºC) and stainless steel (∼1400ºC)). One list of 

biocompatible metals is given in Merrill et al. [15]. In addition, a reduced alumina sintering temperature would have 

other advantages. These include reduced processing costs and finer sintered grain sizes. Various methods have been 

employed to combat the generally high temperatures required to sinter alumina powder into useful ceramic 

monoliths. One such method is the introduction of dopants in the pre-fired alumina. Minor additions of oxides such 

as MnO2 and/or TiO2 are known to allow dense alumina to be synthesized at temperatures as low as 1400ºC [13]. A 

combination of several dopants has seen the greatest decreases in densification temperatures [16, 17]. The decrease 

in densification temperature may be due to the formation of a grain boundary film of liquid eutectic, or defects in the 

structure which increases bulk diffusion rates [18]. This has been achieved using some specialized techniques, 

including sol-gel processing; the in-flight oxidation of nano-sized alumina using a plasma reactor, solution based 

combustion synthesis, and pulsed wire evaporation [19-22]. These processes, while interesting, may have limited 

applicability on an industrial scale due to the small quantities of powder produced, the availability and cost of such 

specialized equipment, and large operating costs. Grain size reduction can also be achieved using mechanical 

grinding processes. High energy mechanical milling has been used to produce nano meter sized particles in many 

materials including alumina [23]. 

1. Process  
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Aluminum Nitrate (Al(NO3)3.  9H2O) and ammonium chloride (NH4Cl) was taken in the ratio 10:4 in 500 ml of 

distilled water. The mixture was stirred till a homogenous solution was obtained. In this mixture 10g of processed 

sisal fiber was added and then 1:1 solution of NH4OH (liquid ammonia) was added to it and left the solution for one 

hour. Again the mixture thus obtained was dried and then annealed in muffle furnace at 1000
o
C and kept it at that 

temperature for different time duration sample 1 (SP1) for 15 min, sample 2 (SP2) for 30 min and sample 3 (SP3) for 

45 min. 

 

The reaction may take place in this way 

2Al (NO3)3.9H2O +3NH4Cl+3NH4OH+ Fiber→ Al2O3: fiber (Aluminum oxide: fiber) + 6NH4NO3 + 3HOCl + 

18H2O 

 

When aluminum nitrate reacts with ammonium chloride and ammonium hydroxide along with sisal fiber at 1000
o
C 

aluminum oxide is formed which is confirmed through XRD analysis and other by products like 6NH4NO3 

Ammonium nitrate and HOCl (hypoclorous acid) decomposed at such high temperature and only aluminum oxide is 

left . 

2. Result and discussion  
3.1 X-Ray diffraction 

XRD analysis shows that treated sisal fibre composites are crystalline in nature and shows the traces of Al2O3: fibre. 

The amorphous state of the sisal fiber composite was verified by XRD. The x-ray diffraction patterns of SP1 Al2O3 

doped with sisal fiber shown in fig 1. The main peaks for Al2O3 are observed at 2θ=10.789 (d=8.19980 Å), 

2θ=45.574 (d=1.98885 Å), 2θ=66.865 (d=1.39813 Å) and 2θ=37.324 (d=2.40728 Å) corresponding to (416), (132), 

(164), and (132) reflections.  

 

 
           Fig 1 

The peaks present in Al2O3 were also observed in the composition of sisal fiber with Al2O3 which indicates the 

presence of Alumina particle. The entire pattern indicates about the small dimensions of the Aluminum oxide 

particles. The changes in peaks occur due to the presence of composition of sisal fiber [24]. The x-ray diffraction 

patterns of SP2 Al2O3 doped with sisal fiber shown in fig 2. The main peaks for Al2O3 are observed at 2θ=25.285 

(d=3.5194 Å), 2θ=29.540 (d=3.0214 Å), 2θ=34.845 (d=2.5726 Å), 2θ=37.460 (d=2.3988 Å), 2θ=43.025 (d=2.1006 

Å), 2θ=52.200 (d=1.7509 Å), 2θ=57.180 (d=1.6097 Å), 2θ=66.170 (d=1.4111 Å), 2θ=67.845 (d=1.3803 Å), 

2θ=76.520 (d=1.2439 Å) corresponding to (914), (269), (1629), (930), (1980), (888), (1725), (936), (1161) and (289) 

reflections. 
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                                                             Fig 2 

These radical cations through the coupling reaction lead to the ion of stable electrically conducting natural fiber. 

Reaction with the natural fiber generated by an internal redox reaction, which casus the reorganization of electronic 

structure to give the +ve and –ve nature of a radical is linked to its difference in reactivity towards lignin and 

cellulose/hemicelluloses [25]. The x-ray diffraction patterns of SP3 Al2O3 doped with sisal fiber shown in fig 3. The 

main peaks for Al2O3 are observed at 2θ=25.330 (d=3.5133 Å), 2θ=34.890  (d=2.5694 Å), 2θ=37.505 (d=2.3960 Å), 

2θ=43.075 (d=2.0982 Å), 2θ=52.265 (d=1.7489 Å), 2θ=57.225 (d=1.6085  Å), 2θ=61.000 (d=1.5177 Å), 2θ=66.220 

(d=1.4101 Å), 2θ=67.895 (d=1.3794 Å), 2θ=76.585 (d=1.2430 Å) corresponding to (2296), (3887), (1915), (4481), 

(2112), (4019), (333), (1707), (2564) and (664) reflections. 

 

 

 

 

 
                                                         Fig 3 

Natural sisal fiber consists of proton H+ molecule in its composition and deprotonation process is also occurred in 

natural fiber. Deprotonation is the removal of a proton (H+) from a molecule. Deprotonation of the radical cation is a 

major pathway and the proton removal decreases positive charge in the molecule and an increases negative charge. 
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Deprotonation usually occurs from the donation of electrons or acceptance of the proton using a base, which forms 

its conjugate acid [26]. 

 Name   Symbol Classification A B 

Cellulose  C6H10O5 C-H Deprotonation C H 

Hemicelluloses C5H10O5 C-H Deprotonation C H 

 Lignin   C13H34O11 C-H Deprotonation C H 

 

Some unknown peaks are present is the XRD graphs. Hence other crystalline phases such as various types of 

hydrated aluminum nitrate, ammonium chloride, sisal fiber or other impurities; might have been present in sample. 

Aluminum oxide cannot be produced at relatively very low temperature; therefore, it is not possible for nitrate ions 

to decompose. So that it’s calcinated on high temperature at 1000
o
C the 2θ peaks (or miller indices) which indicates 

that Al2O3 was present. As the time increased from 15 min (SP1), 30 min (SP2) and 45 min (SP3), the intensity of 

Al2O3 phase peaks of SP2 increased as compare to SP1 and peaks of SP3 decreased as compare to SP2. The XRD 

results do not show that the sample was hydrated salt with other impurities. Therefore water molecules and 

impurities already removed at this temperature. After being calcinated at 1000
o
C the sample lost its crystalline 

structure and small amorphous humps appeared at 2θ= 5-8
o
, 32-38

o
 and 57-62

o 
for SP1; 2θ= 11-13

o
, 36-41

o
 and 55-

59
o
 for SP2; 2θ= 11-12

o
, 35-40

o
 and 55-57

o 
for SP3. These humps are due to the interference of XRD signals of 

aluminum oxide. At this temperature Al2O3 phases lose their bonding and appear highly amorphous in nature its 

intensity of humps increased. These results indicate that at this temperature the aluminum oxide particles in several 

crystallize aluminum oxide. These finding was confirmed by referring to the XRD data base reference data base 

(KSD collection code 025778). The crystal system of the structure was rhombohedral and had a density of 4.02cm
-3

. 

The XRD peaks of SP2 and SP3 indicated the presence of α-aluminum oxide were at 2θ (miller indices) for SP2= 

25.285, 29.540, 34.845, 43.025, 52.200, 57.180, 66.170, 67.845, 76.520 and for SP3= 25.330, 34.890, 37.505, 

43.075, 52.265, 57.225, 61.000, 66.220, 67.895, 76.585. Some of the reading has been verified due to impurities. 

The intensity of XRD peaks increased, indicating that more α-aluminum oxide crystals [27]. 

3.2 SEM 

Figures 4, 5 & 6 show the scanning electron microscopy of sisal fiber treated with aluminum oxide composites 

which were fired at 1000
o
C. We can notice from the figures that there is change in the morphology of treated sisal 

fibre.  

 

     
                                        Fig 4 (a) and (b) 

A change in the morphology and structure has been found after the treatment of sisal fibre which is confirmed by 

SEM technique. Figure 4, 5 & 6 shows the morphology of Al2O3. The variations in specular optical transmittance 

against wavelength for pure and doped Aluminum oxide.  
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                                                  Fig 5 (a) and (b)  

Uneven and cracked surface can be seen in the untreated samples which may be due to the presence of impurities in 

the fibre. The micrograph depicts the crystalline nature. This shows the typical micrograph of the clustering of well 

established randomly oriented nano rods which has compact, homogenous and well adherent growth onto the 

substrate. 

 

                 

              Fig 6 (a) and (b) 

There was change in the unevenness of the surface in contrast of treated fibre it may be due to the chemical 

treatment done on the fibre.  All images show the morphology of material and fiber respectively. Figures have 

porosity, non uniform and inside hollow texture. Its upper surface is in crystalline, non linear, soft and spongy form. 

These figures fiber shows a crystalline, linear and smoky effect. 

TEM 

Fig 7 (a) (b) and (c) for SP1, SP2 & SP3 respectively shows the non linear and non uniform dispersed aluminum 

oxide particles of  110.57nm and the agglomerated fiber containing 284.63-156.92nm size particles of aluminum 

oxide. The samples appear highly strained as seen in fig 7 (a) (b) and (c). The presence of dislocation loops is clearly 

seen. It is possible that the strain present in the sintered samples has a direct effect on the dielectric loss. The TEM 

micrographs show the heterogeneous microstructure aluminum oxides. A heterogeneous distribution of the 

individual phases is observed in all heterogeneous systems. On the other hand, in the aluminum oxide samples the 

particles possess needles like morphology with non-uniform sizes in a range from 110.57nm to 284.63-156.92nm. 
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These needles are less in numbers but large in size. The TEM investigations of the aluminum oxide composite 

samples show heterogeneous distribution with aluminum oxide needle like structure of about 30nm sizes. The 

diffraction pattern shows a higher grade of crystalline for the high aluminum oxide containing sample. The first fig 

shows the magnification 40000 which shows total palate of size of 110.57nm, second fig shows with the 

magnification of 60000 which is clearly shows the fibrous portion of the palate 284.63nm and third fig shows the 

magnification of 12000 which again shows the fibrous portion of the palate 156.92nm. 

          

                             
             Fig (c) 

  Fig74. (a) (b) and (c) TEM of Al2O3 to find the structure and composition of the sample prepared in our studies. 

The TEM graphs show the highly homogeneous microstructure if Al2O3 samples the aluminum nitrate and 

ammonium chloride (10:4) one has still amorphous particles. The TEM investigations of the Al2O3 composite 

samples show heterogeneous distribution with needle like structure. Among the sisal fiber doped aluminum samples 

with the composition has a longer amount of pores in the microspores region. Hence the pores size can be adjusted 

by the composition according to needs of the applications TEM observations confirmed the homogeneity of the 

microstructure. The morphology of the composites consists of aluminum oxide needles with high aspect ratio. It is 

possible to synthesize materials with different porosity features and surface morphology, which result in different 

applications by changing the ration of individual components in oxide system [28]. 

FTIR 

The formation of α-Al2O3 was approved by FTIR spectrum in figures showed that α-Al2O3 is known to have spinal 

structures which exist over a range of hydrogen content captured by the empirical formula H3mAl2-mO3. It is clear 

that broad absorption bands appear at 3500-500cm
-1

 respectively, which is attributed to the stretching vibration of 

hydroxyl groups. The peaks at 3127.07, 1399.42 and 584.57 cm
-1 

correspond to the vibration of carboxylic acid 

groups. The IR transmission spectra of sisal fiber composite shown in fig from fig 8, 9 & 10 for SP1, SP2 & SP3 

respectively were recorded in the range 3700-3400 cm
-1

. The wave number of fig 8 (SP1) 3127.0691, 2358.4974, 

1641.0773, 1399.4211 and 584.5742cm
-1

 shows the width 1471.2957, 1716.5060, 82.7603, 40.8444  and 

378.2537cm
-1

 of IR spectra respectively.  
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 Fig. 8 Intensity of Transmittance versus wave number (courtesy SIRT-F Bhopal) 

 

The prepared sample was free from visible inhomogeneities like cracks or bubbles. Decrease with a shifting of meta-

center towards slightly higher wave number. For further increase of Al2O3 the intensity of this band is continued to 

decrease where the first group of bands is also observed to decrease [29]. The peaks at 3447.86, 1639.35 and 586.54 

cm
-1

 correspond to the vibration of carboxylic acid group. The wave number of fig 9 (SP2) 3447.86, 2360.13, 

2072.60, 1639.35, 1397.30, 642.20 and 586.54 cm
-1

 shows the width 445.6188, 60.6905, 203.3672, 82.8672, 

44.0294, 92.4690 and 294.6694 cm
-1

 of IR spectra respectively.  
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Fig. 9 Intensity of Transmittance versus wave number another sample (courtesy SIRT-F Bhopal). 

The peaks at 3450.73, 1638.44 and 589.85 cm
-1

 correspond to the vibration of carboxylic acid group. The wave 

number of fig 10 (SP3) 3450.73, 2360.94, 1638.44, 74004 and 589.85 cm
-1

 shows the width 558.7216, 54.5087, 

79.0997, 366.1014 and 46694.4103 cm
-1

 of IR spectra respectively. The prepared sample was free from visible 

inhomogeneities like cracks or bubbles. Decrease with a shifting of meta-center towards slightly higher wave 

number. For further increase of Al2O3 the intensity of this band is continued to decrease where the first group of 

bands is also observed to decrease [29]. 
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Fig.10 has several valleys imitating influence of dopants. The prominent valley at 3437 cm
-1

 is interesting (courtesy 

SIRT-F Bhopal). 

The stronger broadening bands 3500-1000 cm
-1

for SP1, 3400-900 cm
-1

 for SP2 and 3300-800 cm
-1

for SP3 occurs 

due to the hydrogen bond between the various hydroxyl groups in the product. The stronger broadening bands 3700-

3400 cm
-1

 for SP1, SP2 & SP3 correspond to Al-O vibration existed under the temperature of 1000
o
C at 15, 30 and 

45 min for SP1, SP2 and SP3 respectively. In agreement with other works it is resulted that the main factor in 

obtaining of different aluminum oxide phases is the calcinations temperature at 1000
o
C leads to form the α-Al2O3 

[30]. 

Dielectric behavior  

The electrical properties of the insulating material Al2O3 composite were measured by impedance analyzer these 

dielectric measurement of Al2O3 composite doped with sisal fiber shown in fig 11 and 12. In the Fig 11 represents 

the graph between frequency and tanδ and fig 12 shows the comparison between frequency and ε.   

 

The dielectric constant ε and loss tanδ of Al2O3 at room temperature 30
o
C are measured to be 1.9 to 1.3 respectively 

and are found to decrease with the increase in the frequency. The value of ε and tanδ are found to different with each 

other. In fig 11 the variation of dielectric constant at different frequencies with room temperature 30
o
C for Al2O3 is 

shows that it decreases considerably with increase in frequency.  

This dielectric dispersion is attributed to the Maxwell and Wagner type of interfacial polarization in agreement with 

Koop’s phenomenological theory [31]. Since polarization decreases with increasing frequency and reaches constant 

values, a decrease in dielectric constant with frequency is observed. 

 
      Fig 1 

At lower frequencies, dielectric loss tanδ is large and it decreases with increasing frequency. The tanδ is the energy 

dissipation in the dielectric system, which is proportional to the imaginary part of the dielectric constant. An increase 

in loss factor at higher frequencies may be due to the series resistance of the electrodes, leads, etc [32-34].  

While in fig 12 is a comparison plot of variation of dielectric constant with different frequency at constant 

temperature shows an increase considerably with increase in frequency. It was observed from these figures that the 

dielectric constant increases continuously with increase in frequency for all the samples, followed with a frequency 

independent behavior.  
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      Fig 12 

The dielectric properties of Alumina are dependent upon several factors, including the method of preparation, 

chemical composition and grain structure, size and natural fiber (sisal fiber) and it’s contains cellulose, 

hemicelluloses, lignin and pectin. The observed dielectric behavior of our samples may also be due to the particle 

size effect and is also in concurrence with observation made by other Investigators [35, 36]. The effect of electrical 

homogeneity fine grain structure and shape of the Alumina samples affect the dielectric properties [37]. It also 

presence the α impurities contributes towards the change in dielectric properties. The dielectric constant of 25-30 at 

10 KHz and an increasing trend is observed at higher frequencies. This is normal behavior for high density fine 

chemically homogenous material [38]. 

The electronic exchange between Ammonium and aluminum ions didn’t follow the path of frequency which is 

externally applied alternating beyond the critical frequency value. The dielectric behavior of samples shown in 

graphs is because of its particle size effect [39]. If ε remains unaffected with increase in temperature then frequency 

also remains the same, which means that the local carriers are immobile. It is understood that the local charge 

carriers are immobile and the thermal activation in negligible. This further suggests that the samples possess a high 

chemical homogeneity and fine grain distribution. The presence of moisture, cellulose, hemicelluloses, lignin and 

pectin is also indicated by the electrical conductivity results. It is reported the presence of moisture plays an 

important role in the formation and stabilization of Al2O3 [40].  

 

Conclusion 

From the above study it is clear that chemical treatment of sisal fibre is an effective method to modify the properties 

of fibre. Change in the morphology of sisal fibre has been seen through SEM analysis. An XRD study reveals the 

crystal structure of the samples. The effect of chemical homogeneity, fine structure, particle size and shape of the 

aluminum samples are understood to affect the properties of its dielectric properties, TEM and FTIR behavior. The 

presence of moisture, cellulose, hemicelluloses, lignin and pectin also contribute towards changes in composites 

properties.  In this agreement with other works, it is resulted that the main factor in obtaining of alumina is the 

calcinations temperature on different time durations. The presence of moisture, cellulose, hemicelluloses, lignin and 

pectin also contribute towards changes in dielectric properties.   
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